The sugar and alcohol mill defined as an energy-and-food producing unit.
INTRODUCTION 1
In Brazil in 1975, the National Alcohol Program -Proálcool -started, to represent the beginning of a new concept in the sugarcane sector: the production of renewable energy from sugarcane.
Ethanol production has brought on a huge growth of the industry, while mills experienced important evolution in capacity, overall yields, and optimum use of sugarcane energy, products and by-products (OLIVÉRIO, 2002) .
At the end of the Program, some industry entrepreneurs enhanced the vision of the business by understanding that the mill, in its agricultural (+) industrial integration, is not a sugar and alcohol producing unit only, but an energy-and-food producing centre (OLIVÉRIO, 2002 (OLIVÉRIO, , 2006 , as shown in Figure 1 . It must be emphasized that the representation is simplified, since today the number of products derived from agricultural and industrial activities is much higher.
Ethanol, or bioethanol, as it is also called, was focused almost completely on the partial or total replacement of gasoline in vehicles. In the 1980s, a parallel program to Proalcohol was Pro Oil, which had as the main purpose the production of fuel as an alternative for diesel oil. Pro Oil did not And what is biodiesel? In a simple explanation, it is the natural substitute for diesel oil, which is produced from renewable sources, such as vegetable oils, animal fats, as well as used fried oil (OLIVÉRIO, 2004) . Chemically, it is defined as a monoalkylate ester of fatty acids (methyl-ester or ethyl-ester), derived from lipids (or fatty acids) of natural occurrence, and is produced, together with glycerin, through the reaction of transesterification (or esterification) of triglycerides (fatty acids) with alcohols -methanol or ethanol -in the presence of an acid or basic catalyst (BAR-REIRA, 2005) . Figure 2 outlines this definition. The quantities are not accurate and are presented only as a reference.
It is important to emphasize that methanol, or bioethanol, participates in the reaction with an exceeding amount in relation to stoichiometric to maximize the efficiency of transesterification and, when removing process water, it limits the parallel reaction of saponification as much as possible.
By examining Figure 1 , one can see that the energy-and-food mill produces the two feedstocks of Figure 2 which are used for biodiesel production: oleaginous grains from which vegetable oil is extracted, and bioethanol.
From bagasse, the mill can also supply energy -thermal and electric -used in the production of biodiesel.
This first conclusion was the starting point for an in-depth investigation, when a great synergy between the production processes and uses of biodiesel and bioethanol was noticed to exist. Thus, a new pioneering concept was developed and introduced into the marketplace in November, 2004 , that is, the integrated biodiesel production in sugar and alcohol mills (OLIVÉRIO, 2004) .
BIODIESEL -BIOETHANOL SYNERGY, OR THE INTEGRATED PRODUCTION OF BIODIESEL IN SUGAR AND ALCOHOL PLANTS
The existing synergies and the advantages of integrated biodiesel production in the mills can be grouped into 3 classes: agricultural sector, industrial sector, management and businesses (BARREIRA, 2005) .
In the agricultural sector, the know-how for oleaginous grains production in rotation to sugarcane crops is already available. It is a traditional practice, for example, the cultivation of soybean in areas of sugarcane renovation, after 4 or 5 cuts. Such practice maximizes land productivity with optimum and profitable use of the land. It also breaks the cycle of plagues and diseases and contributes to recover the soil fertility; from soybean, the oil that is the feedstock for biodiesel can be produced.
Another synergy that benefits the integration is the common use of the structure and agricultural and industrial resources, which allows costs sharing, optimized use of facilities, and minimized investments. It can include tractors, harvesters, trucks, machinery, agricultural implements, steam, co-generated electrical power, water, integrated solutions for wastewaters, agricultural and industrial labour, use of plants, facilities and support services. The surplus bioethanol with water, which derives from the biodiesel production, as could be seen in Figure 2 , may be reprocessed in the distillery already available at the mill and, after dehydration, is sent back to the biodiesel process.
The biodiesel produced can be used in the agricultural sector to fuel the vehicles used in the production of sugarcane and the oleaginous grains.
Regarding management and businesses, we can point out the synergies and advantages of: a new market for use of the anhydrous bioethanol, the increase of income/profits from the new products, biodiesel and glycerin, to the production chain, which also helps to dilute market risks.
Biodiesel commercialization will be made by counting on the experience and expertise obtained from the bioethanol business, to be traded with the same clients. Finally, the same structure and management systems can be used.
When using biodiesel in the mill vehicles, the fuel is tax exempt, so it costs less (for being own production), and replaces diesel that is tax liable. Figure 3 highlights that having as a core the land, the human, physical and financial resources, systems and management, the biodiesel-bioethanol integration takes place in the crop and in the industry, and leads to economic, energetic and process integration (OLIVÉRIO, 2004) .
We understand that the integrated production of biodiesel in the sugar and alcohol plant must take place in 3 stages, and initially the synergies already available are used, which evolve to stages of higher integration (OLIVÉRIO, 2004 (OLIVÉRIO, , 2006 , as shown in Figure 4 .
For stages 1 and 2, technology is already available, and the 3 rd is in the initial stage of development and will have a significant future impact in the additional reduction of biodiesel and bioethanol costs. To cite possible examples, bioethanol can be the solvent in the extraction process of oil from grain, replacing hexane, increasing oil production and, at the same time, producing valueadded meal with higher protein content. Additionally, some sugars present in soybean may be added to the juice, thus increasing ethanol production at the plant.
At this point, it is important to emphasize that the technology for the continuous process of biodiesel production was available by the methyl route only, developed mainly in Europe. For the biodiesel-bioethanol integration, it was necessary to develop the ethyl route in a continuous process. The conclusion of such development was presented in July 13, 2004, during the II SIMTECInternational Symposium and Technology Exhibit of the Sugar and Alcohol Agroindustry -held in Piracicaba, when Dedini and DeSmet Ballestra promoted the launching of the pioneer process of continuous production of biodiesel by the ethyl route (OLIVÉRIO et al., 2004) .
THE BARRALCOOL SOLUTION
What was initially a concept became reality when, in November 2005, the pioneer contract for the supply of a biodiesel plant integrated to the Barralcool Mill was signed, and operations started in November 2006. It must be pointed out that Barralcool mill was the first plant to produce bioethanol in the state of Mato Grosso, and also the first in the state to supply bioelectricity to the grid, thus becoming the first mill in the world producing the 3 BIOs: bioethanol, bioelectricity and biodiesel. 
Description of the mill
Barralcool Mill is located in Barra do Bugres, MT, and was built while Proálcool was in force, for production of alcohol exclusively. Its first milling season took place in 1983, processing 58 734 tonnes of cane. From 1993, it was expanded for production of sugar. It began supplying electricity to the grid in 1996, and production of biodiesel in 2006.
Since it was founded, it has undergone expansion which will continue in the next years, according to Tables 1 and 2. The milling season is from April to November each year.
The average diesel consumption in the crop is 2.5 litres of diesel/t crushed cane.
The sugarcane renovation, on average, occurs at every 6.7 cuts; therefore, the renovation area represents about 15% of the cutting area of sugarcane.
Soybean production is made in rotation with sugarcane, using nearly 70% of the renovation * Soybean own production in sugarcane renovation area. c = sugarcane; y = year; d = day; t = ton; ha = hectare; tc = ton of sugarcane. Total cane processed tonne cane/season 2,400,000 2,600,000 2,800,000
Soya own production Tonne/year 9,000 9,600 11,500
area. In the conditions of Barralcool Mill, a higher percentage soybean production interferes in the agricultural practices required for sugarcane, which must be avoided. Let's review the biodiesel-bioethanol integration taking as reference the 2009 milling season of Barralcoool Mill.
Barralcool's new solution will be presented by dividing it into three parts: agricultural sector, industrial sector, and biodiesel plant.
Biodiesel plant
The biodiesel plant has the following characteristics:
• capacity: 50,000 tonnes/year (around 56 million litres/year); 8,000 hours/year;
• continuous process, multi-feedstock;
• flexible route: ethyl or methyl;
• feedstocks: multiple degummed vegetable oils, beef tallow, bioethanol or methanol; • end products: biodiesel and glycerine. Figure 6 presents the process flowchart of biodiesel production using vegetable oils. In the Barralcool Biodiesel Plant, an esterification process stage was introduced, that produces additional biodiesel from fatty acids, increasing yields.
The use of beef tallow requires additional stages for treatment of this raw material, which will not be discussed in this paper.
Tables 3 to 8 present the materials and utilities specifications involved in the process, as well as the end products, wastewaters and respective consumptions or production.
Agricultural Sector
In 2009, soybean will/was be cultivated on 70% of the sugarcane renovation area, which represents 15% of the harvest area, giving a total of 11,500 tonnes of grains (Table 2) .
This amount is not sufficient to meet the capacity of the biodiesel plant. Barralcool solution was to enter into partnership agreements with independent producers (family and small farmers) to whom the mill supplies the seeds and technical support.
Doing that, Barralcool meets the objective of social inclusion contained in the premises of the Brazilian Biodiesel Program, and the biodiesel produced by the mill is entitled to tax reduction in sales.
The soybean grain is sent to an oil industry which, through an operation called "Façon", it exchanges grains, which contain oil and meal, for the equivalent in oil, as shown in Figure 7 (BAR-BOSA, 2006). Concluding, agricultural production will provide 5030 tonnes of oil/year, around 10% of capacity, and the remaining 44,970 tonnes/year will be supplied by third parties.
To increase the proportion corresponding to own production, Barralcool mill is developing procedures to produce two crops of grains in the same area and in the same period of sugarcane renovation, using soybean and peanut. Barralcool expects to increase oil production per hectare by about 30%.
A blend of 30% of biodiesel in the mixture with diesel -B30 -will be used as a first step in Barralcool. 7 million litres of fuel will be utilized in 2009 (2,800,000 t cane X 2.5 L/t cane) and the internal utilization of biodiesel will reach 2.1 million litres.
Industrial Sector
The integration of the biodiesel plant into Barralcool mill industrial sector is represented by Figure 5 . It must be emphasized that use is made of utilities already available at the mill, surplus bioethanol dehydration in the equipment already used to produce anhydrous bioethanol, optimum use of the existing technical, administrative, and management structure, which allows reduction in costs and investments.
In Figure 8 , a picture shows an overall view of the Biodiesel Plant Integrated to Barralcool Mill, and, in Figure 9 , the inauguration of Barralcool Biodiesel Plant.
IMPACTS ON INVESTMENTS, COSTS, AND MANAGEMENT

Investments
When Barralcool biodiesel plant was defined, not all existing synergies had been used.
This decision had the purpose of allowing greater flexibility in operations with less possibility of interference among them.
Yet, the investments for a non-integrated, independent biodiesel plant are 22% higher than the integrated solution of Barralcool mill, as can be seen in Table 9 next.
Costs and Management
In order to assess the cost differentials, let us compare integrated and non-integrated production in the ethyl and methyl routes.
The main components in the cost of biodiesel are the raw materials, and the vegetable oil represents around 85% of total cost.
In the integrated solution, the grain production makes available around 5,000 tonnes of oil/ year, calculated at cost of production and using the façon system.
For the complementary 45,000 tons of oil, Barralcool makes use of partnership with family farming, obtaining oil at a lower cost than the market price. But to obtain a broader conclusion, let us consider that the complementary oil is acquired at normal market prices. Table 10 presents the oil cost calculations used for biodiesel production at Barralcool, within these premises, obtaining an average value of US$ 611.56/t, using the conversion rate of US$ 1.00 = R$ 2.20.
As can be seen, own grain production integrated with cane production and conjugated with the façon system enables a significant reduction in the cost of oil, in the order of 40%.
The small quantity, around 10% of the plant capacity, suggests that solutions be developed to increase this participation, such as, for example, planting 2 oleaginous crops in the renewal area in the same harvest season, or installing 1 biodiesel plant supplied by several other mills. Table 11 presents the total comparative cost of biodiesel production, emphasizing the most significant items and grouping the others. The bioethanol cost used is the internal production cost at the Mill.
When analysing the results, one is able to conclude that the integrated solution presents a lower cost, in which the ethyl route is more advantageous, with a cost of US$ 0.604 per litre of biodiesel. It is pointed out that the cost of diesel to the mill is US$ 0.74 per litre. The comparative reduction of Usina Barralcool's costs when us- Comparative results 100% 122%
(1) Values in Real, converted by rate of US$ 1.00 = R$ 2.20. ing B30 (= 2.1 million litres), attains about US$ 300,000 per year. The ethylic biodiesel sold by Barralcool will have a lower comparative cost than the biodiesel produced by non-integrated plants. Admitting that both are sold on the market for the same price, the mill will have an additional result of US$ 2.1 million/year and US$ 4.1 million/year, in comparison with the methyl or ethyl based product of the non-integrated production.
FINAL CONSIDERATIONS
The innumerable advantages of integrated biodiesel production in sugar and alcohol mills have been described in this paper.
These advantages occur in the farming and in industry, optimizing the use of land, resources, systems and management. Benefits are presented from the energy, process and economic aspects, in which costs and investments are reduced and income and profit are increased; as a result, biodiesel plants integrated with the sugar and alcohol mill provide a better return on investment than isolated plants.
Other relevant aspects deserve to be pointed out:
• The sugar and alcohol mill completes its full energy independence with the use of bagasse, bioethanol and biodiesel to meet all its energy demands.
• Integrated production makes ethylic biodiesel economically feasible. Thus, op-portunities open for the use of ecological biodiesel, the ethylic biodiesel, 100% green and renewable, which can replace methyl biodiesel that uses the raw material methanol, of fossil origin.
• There are important environmental advantages with biodiesel replacing diesel derived from petroleum, and from the double use of the agricultural area already occupied by sugarcane, and thereby avoiding the use of new areas to install grain plantations.
• The solution of agricultural partnerships with family farmers, adopted by Barralcool, can also be applied by other mills, with the benefit of promoting social inclusion of the small farmer, and fixing persons in the rural areas.
• The use of the cane plantation renovation land can be maximized with the development of technology, new varieties and agricultural practices, which broaden the possibility of obtaining 2 harvests from the same lands and in the same sugarcane crop period. At present, the combined use of soybean, peanuts or sunflower seeds enables an increase of around 30% in grain production, when compared with the harvest of a single oleaginous crop. The potential gains are higher than 30%. • A very attractive solution is the implementation of 1 biodiesel plant for various other sugar and alcohol mills, all producing grains in rotation with sugarcane, and using the biodiesel produced in the plantations. The plant would be installed at the sugar and alcohol mill that best benefits the set.
It is important to record that all these advantages refer to only the 1 st stage of the integrated plant development.
With the expansion of biodiesel production, and therefore, the quantity of grains, implementation of an oil producing industry integrated with the sugar and alcohol mill becomes advantageous, which is the second stage of Figure 4 : agricultural and industrial integration.
With the development of the activity, opportunity will be opened for the 3 rd stage: integration of processes in the grain and sugarcane productive chains.
We have no doubt that this development will significantly increase the competitiveness of biofuels. And this is a challenge we understand that the sugarcane agribusiness will face in the future. It is a long road.
